The aim of the present study is to explore the correlation between maxillary sinus diseases and inflammatory processes in the maxillary teeth in patients eligible for implant rehabilitation with a preoperative examination using cone-beam computed tomography (CBCT).Materials and methods:282 CBCT images of the maxilla and 530 images of the maxillary sinus were analyzed. Only teeth with chronic periodontitis and with no other pathological process were recruited in the target group.The distance between the sinus floor and theperiodontal pocketdepth(PPD) and the thickness of theSchneiderian membranearound each tooth was recorded.Results: The mean thickness of the maxillary sinus mucosawas 7.74 mm, reaching its highest value at 26 mm (as seen in 2 patients with chronic periodontitis). The mean distance between the periodontal involvement and the maxillary sinus floor for the affected teeth was 5.53 mm. The distance varied between 0 mm and 13 mm.Conclusions: This retrospective study showed that the thickness of the sinus membrane is directly related to the inflammatory processes of periodontium of the teeth adjacent to the sinus.
Introduction
The inflammatory deseases of maxillary teeth may ascend to the maxillary sinus and subsequently induce various pathological responses. [1, 2] Periodontitis is regarded as the second most common cause oftooth loss resulting from the loss of the tooth-supporting apparatus. [3] Datareported in previous studiessuggest that10-12% of maxillary sinusitis have an odontogenic origin. [4] The most common causes of odontogenic sinusitis are periapical and periodontal inflammatory processes leading to changes in the normal anatomy of the sinus membrane. [5] Other studies have shown a relationship between periodontitis and periapical lesions and MT [6, 7] , particularly occurringin cases where root apexes of distal maxillary teeth protrude into the maxillary sinus. [8] Cone-beam computed tomography has more advantages over conventional radiographic techniques for recognition of the relationship betweentooth pathologyand the maxillary sinus. [9, 10] 
Materials and Methods
The images for the present study were acquired with a conebeam computed tomographyscanner (PlanmecaProMax 3D Max), integrated with a computer hard drive and backup peripheral devices, software for reconstructing images (PlanmecaRomexis) and apatients registration program. Scanning parameters wereas follows: scanning time 9-40 sec., imagereconstruction time 2-55 sec. CBCT images were stored and read by PlanmecaRomexis Software, compatible with Windows XP, Windows 7 and Windows 8. A total of 435 images of the maxilla were reviewed,the inclusion criterion being those images which displayed present teeth under the maxillary sinuses, namely canines, premolars and molars. Following radiographic examination, the study excluded 153 images where patients had distal maxillary edentulism. The target group involved 282 CBCT images of 530 sinuses and 1202 teeth withpatients' age varing from 16 to 82 years. Out of those images, we selected the teeth that had lost their supporting apparatus, exhibiting no other pathology (Figure 1a and 1b) . Measurements were taken of the distance between the pathological process and the maxillary sinus as well as the thickness of the Schneiderianmembraneabove these teeth (Figure2) Sinus mucosal thickening (MT) was considered to be when there was a visible thickness of ≥2 mm.
Measurements were taken by two lecturers at the University Medical Dental Clinic, performed independently, evaluating the thickness of the sinus membrane as well as the distance between the inflammatory process in the periodontium and the sinus floor. The statistical hypotheses concerning differences of two means were tested using t-test for paired samples with a level of significance of 0,05.
Any discrepancies in the parameters under study were consulted with a dental radiologist.
Results
282 CBCT images of the maxilla were analyzed, comprising 530 maxillary sinuses with 1202 contiguous present teeth, of which 256 teeth had lost their supporting apparatus. The study excluded teeth with more than one etiological entity of inflammation, i.e. periodontitis and periapical cyst. 100 teeth met our criteria, displaying only one nosological entity, i.e. periodontitis, whereas 97 teeth showed changes in the maxillary sinus mucosa, i.e. thickening of the membrane over 2 mm, retention cysts or pseudocysts. ( The mean distance between the periodontal involvement and the maxillary sinus floor for the affected teeth was 5.53 mm. The distance varied between 0 mm and 13 mm. (Table 1 ) shows the frequency distribution of the distance measured between the PBL and the sinus floor for the 97 teeth with mucosal thickening (MT) of the maxillary sinus
The histogram reflecting this frequency distribution is shown in Figure 4 . The histogram reflecting this frequency distribution is shown in Figure 5 . Themost common changes in the maxillary sinus membrane involved its thickening in 87% of the cases, mucocelein 7% of the cases and pseudocysts -6%.
As the first step, we used linear regression model [17] The shape of the points on the scatter plot gave us reason to use the analysis method of variance [17] to establish the relationship between PBL and MT. The Analysis of variance (ANOVA) is a statistical technique for analyzing observation (in our case for PBL) that depends on the effects of one or more (in our case one -MT) factor. Our factor occurred at 27 groups (levels) of MT (from 0 mm to 26 mm). The verification procedure was based on the assumption that the significance of the difference between means may be evaluated upon the share of the variation between groups in the overall variation of the response variable PBL. The procedure applied was to decompose the overall variation into two parts: measuring the variation between groups and within groups, and afterwards to evaluate their contribution to overall differentiation of the response variable PBL (Figure 7 ).
Figure 7:
Decomposition of the overall variation in MT using variation between groups and within groups ofPBL.
Analysis of data using ANOVAin the statistical package STATISTICA [16] represented that the levels of PBL influenced the value of the mucosal thickeningof the maxillary sinus (p=0,04804<0,05). (Table 4 
Discussion
Moskow BS [11] showed the relationship between periodontal inflammation and pathological processes in the maxillary sinus. Heused 20 block sections of human jaws obtained at autopsy, containing maxillary molar teeth with the contiguous maxillarysinus intact. He studied them by light microscopy, utilizing conventional histopathologic techniques.17 of 20 jaw specimens demonstrated moderate to advanced periodontal destruction with pervasive extension through the alveolar ridge to the maxillary sinus antrum. 10 of the specimens showed extensive thickening of the sinus membrane, while 9 had hyperplastic changes, and only 1 specimen demonstrated a normal appearing mucosal thickness (MT).Pathological changes in the sinus membrane included inflammatory cell infiltration, edema, fibrosis of the tunica propria, mucous-serous gland proliferation, interstitial pseudo-cyst formation, polyp formation, hyalinization of the connective tissue lining, thrombosis of blood vessels, and metaplastic and degenerative changes in the epithelial lining.
Ren S et al. [12] characterized theSchneiderian membranein patients with periodontal disease of maxillary teeth, using 3D images. 221 patients were subjected to cross-sectional CBCT examination where various parameters, including age, sex, alveolar bone loss, furcation lesions and vertical infrabony pockets, were analysed in correlation with any mucosal thickening (MT). MT was detected in 103 patients (48.9%), increasing in frequency as the degree of alveolar bone loss advanced.The association between vertical infrabony pockets, furcation lesionsand thickening of the Schneiderian membranewas statistically significant (P < 0.001).
Sheikhi M et al. [13] performed a similar study with conebeam computed tomography, searching for a link between periodontal bone loss and inflammatory response in the sinus membrane. A total of 180 CBCT images were reviewed. Periodontal bone loss (PBL) was assessed in six points under each sinus at the mesial and distal sides of the upper second premolar and first and second molars by measuring the distance from the alveolar crest to the point 2 mm under the cemento-enamel junction (CEJ).The MT was assessed at six points in the floor of the sinus precisely over the mentioned points.Change in MT was observed in 39.4% of patients(mean = 4.68 ± 5.25 mm). Linear regression test showed that there is an association between PBL of maxillary teeth and MT.
Phothikhun S et al. [4) ]carried out 250 CBCT scans of dental patientsto determine the relationship between periodontal inflammatory diseases and any abnormalities of the Schneiderian membrane:the presence of mucosal thickening and mucosal retention cysts.The following dental findings were recorded: mucosal thickening was present in 42% of patients and in 29.2% of sinuses studied. Mucosal cysts were observed in 16.4% of patients and in 10% of sinuses studied.Mucosal cysts were observed in 16.4% of patients and in 10% of sinuses studied. Severe periodontal bone loss for maxillary teeth was significantly associated with mucosal thickening and the contiguous maxillary sinuses were three times more likely to have mucosal thickening. Mucosal cysts were not associated with any dental findings.
Goller-Bulut D et al. [14] made a retrospective analysis of CBCT images of 205 patients with 410 maxillary sinus, measuring periodontal bone loss (PBL)of 582 maxillary molars and 587 premolars, in order to identify the associationbetween mucosal thickness and periapical condition of related teeth. They found a positive correlation between mucosal thickness (MT) of the maxillary sinusand PBL and the age of patients (increasing MT as the age advanced).
Roque-Torres GD et al. [5] alsoevaluated the relationship between the proximity of the roots ofdistal maxillary teeth, the loss of periodontal alveolar bone and the inflammatory response in the maxillary membrane by more than 2 mm.
For the purposes of the present study, the authors examined only selected teeth (n=99), affected by periodontal disease with bone loss of more than 2 mm in proximity to the maxillary sinuses. The findings accounted for the conclusions that the change in MT could only be the result of a periodontal inflammatory process. For all teeth under study, the observations revealed that the apexes of those teeth were either in close proximity to the sinus (2 mm) or there was communication between them. This explained the high percentage (96.99%, 96 teeth out of 99 studied) of response of the maxillary sinus in our study compared to the above-mentioned publications. Another reason for the high percentage can be related to the fact that we utilized CBCT scans of patients with planned implant treatment due to tooth loss or pending tooth extraction in the distal regions, so we encountered a large amount of advanced and marked bone loss.
The mean thickness of the sinus membrane in the present study was 7.82 mm and in most cases there was a lack of complaints associated with the maxillary sinus. Licensed Under Creative Commons Attribution CC BY had a history of complaints associated with nasal congestion, sinus pressure and intermittent dull discomfort.
Correlation in the distance of the periodontal pocketdepthto the sinus floor and the thickness of the sinus membrane was not established.
Conclusions
The loss of the tooth-supporting apparatus due to an inflammatory process in distal maxillary teeth has an impact on the status of the maxillary sinus, the most common pathology being the thickening of the Schneiderian membrane. CBCT is an essential diagnostic tool in the search for an association between various maxillary organs and structures.
